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Abstract

The present study was conducted to assess the ability of AquaCrop model in predicting genotypes

of rice genotypes grain and biological yield in water management on Rice Research Institute of Iran,

for two consecutive years of 2017 and 2018. The type of experiment was split plot based on randomized

complete block design with three replications per treatment. The main plot included of irrigation

treatment at four levels, (flood irrigation, 5, 8 and 11 days intervals) and sub plot, included of Ali kazemi,

Dorfak and Bahar rice genotypes. Evaluation simulated and measured grain yield and biological yield

by adjusted coefficient of correlation and by absolute and normalized root mean square errors (RMSEn).

The results indicated, the RMSEn for predicting the amounts of grain yield in validation and calibration

phases for Ali kazemi, Dorfak and Bahar was assessed in the range of 6 to 8 and 8 to 9 percent

respectively and the RMSEn for predicting amounts of biological yield in validation and calibration for

rice genotypes was assessed in the range of 3 to 13 and 7 to 15 % respectively. The results showed that

the AquaCrop model had acceptable accuracy in predicting grain yield and biological yield of the crop.
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Introduction

Rice originated from Southern Asia, is an important
crop in most Asian countries, including Iran [1].
It supplies more than the one fifth calories needed
per capita [2]. With acreage of 160 million hectares
worldwide it produces 700 to 750 million tons of

*e-mail: rsadrabadi@mshdiau.ac.ir

rice [3]. Rice is one of the main crop in Iran with
600 thousand hectares under cultivation. Meanwhile,
Guilan and Mazandaran province with 70% of rice
growing area are the main regions of rice producing
in Iran [4]. According to IRRI statistics, it is estimated
by 2020 the population of Iran will be around
130 million, the rice annual consumption is estimated
33 kg, therefore, the need to this crop will be around
4 million tons. Therefore, providing the future demand
of rice in Iran require improving rice product qualitavely
and quantitively [5].
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Nowadays, one- third of farms in the world faces
water shortage and it is expected that this process
reaches to two- third by 2025 [6, 7]. Drought is
the main limiting factor for crop producing in the
developing countries and most part of the world [8], that
is exacerbating with climate changing situations [6, 7].
More than 80% of freshwater resources in Asia are used
for irrigation purposes and about half of this amount is
used for irrigating rice plantation [9]. Water is the most
limiting factor for sustainable production in temperate
rice regions. Approximately 75% of the world’s rice
is produced from irrigated rice paddies [10], make up
about 50% of all paddy fields in the world [11].

In Guilan province, rice is usually grown in
nurseries and transplanted under flood irrigation
situations. Sepidrood river that is formed by joining
two Ghazalozan and Shahrood (with more than one
billion cubic meters water supply per year) is the main
source of irrigation in Guilan province [12]. Because
of the presence of several dams and reservoirs along
Sepidrood river (specially Ghazalozan catchment)
[13], along with significant decrease of water entrance
volume of Sepidrood, the quality and quantity of water
has been decreased. Therefore, regarding the industrial
use of water and water for drinking and agricultural
purposes, the amount of water for rice production is
being reduced and threaten the rice plantation [12].

One of the most effective methods for managing
rice production is the use of crop growth models.
This can be accomplished by simulating the grain
production process using computer-based mathematical
equations and by considering highly effective variables
on yield. The model is a simple shape of a system
and simulation is the studying of system behavior by
the help of the model. The simulating models of crops
are useful equipment for realizing the biophysical
processes of  soil-plant-atmosphere  [14].  These
models simulate climate changes, plants genotype
characteristics, soil characteristics and managing
factors such as irrigation on plant growth. The limited
number of effective factors on plant growth in a special
area and one growing season is a common experiment
for farms evaluation. Simulating models not only
assess the effect of climate and management varieties
on plant growth but to some degree may be used for
implementing achieved data to other regions and areas
as well [15]. Simulating models may use for quantifying
the variation of yield at various levels of management
[16]. The yield quality of crops simulating models
depends on accessibility of necessary inputs for
implementing these models. The simulating models
of crops is a useful mean for realizing biophysical
processes dominating on soil-plant-atmospheric system
[14].

The AquaCrop model was introduced recently by
FAO, it considers the effect of water stress on production
of dry materials and the yield of plant grain on growth
period based on humidity of soil. In comparison with
other simulation models, it requires limited number of

parameters and data for simulating the plant reaction
to water and it is being used for most of the plants
and crops. These parameters are usually determined
directly and using this model is simple and accurate
[17]. In AquaCrop model, the input data are saved in
climate, plant, soil and management and can be easily
changed by the user. This model has great abilities
and can investigate the water stress effects in specific
time of growing season [18]. Malik et al. tried to
investigate the ability of AquaCrop model in simulating
of biological yield and yield of sugar beet root in
various irrigations and farming management production
in a semiarid region in Pakistan. He concluded the
use of AquaCrop model is a useful method of water
management in sugar beet plantation in semiarid
regions of Pakistan [19].

Akumaga et al. in testing and evaluating the
AquaCrop model tried to demonstrate the simulation
of grain yield from weak, middle to very good indices
using nitrogen levels in corn in Nigeria. Their results
indicated that the RMSE was between 8% (excellent)
and 17% (good) [20]. Montoya et al. (2016) in validating
and calibrating of the AquaCrop model for simulating
the potato yield under four irrigation regimes (120%,
100%, 80% ,60% of required water), observed that the
error was less than ten percent in the calibration year
and the error more than ten percent in the validation
year. The increasing of error in this experiment was
due to incorrect estimating of harvesting index with
the increase of heat stress in the flower formation stage
[21].

Toumi et al. could find water utilization and grain
yield after validating and calibrating of the AquaCrop
model for winter wheat under several irrigation
management practices and appropriate plantation date
[22].

Mabhaudhi et al. (2014) assessed one of the tropical
plants named Taro in the semiarid region of Southern
Africa with use AquaCrop model and estimated the
biological yield with coefficient of determination of
0.99 and RMSE of 1.74 ton in hectare [23].

Kumar et al. (2014) after assessing the AquaCrop
model in Delhi (India) for four genotypes of wheat
(three saline tolerant genotypes and one saline sensitive
genotype) and four levels of water salinities for
irrigation recommended that this model has acceptable
accuracy in simulating crop and biological yield [24].

Khalili et al. (2014) in simulating the rain fed wheat
yield with AquaCrop model in Iran demonstrated
that this model has great potential for of crop yield
with high accuracy and coefficient of determination,
RMSEn and standard between the yield of assessed and
simulated grains were calculated 0.86, 0.062 and 5.235
respectively [25].

This study was conducted with the goal to assessing
the AquaCrop model in simulating various growth
parameters with the results of under irrigation farms
on grain yield, biological yield and yield elements of all
genotypes of Guilan province rice in northern Iran.
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Materials and Methods
Field Experiment

The present study was conducted during growing
season of 2017 and 2018 on Rice Research Institute
of Iran with latitude of 37 ° 12 19" N, longitude
49 © 38 28" E and altitude of 7 meter below the sea
level in Rasht. The experimental design was split plot
based on randomized complete block arrangement and
three replications per treatment. The main factor was
irrigation at four levels (flood irrigation and irrigation
with intervals of 5, 8, and 11 days) and sub plots were
rice genotype at three levels (Ali kazemi, Dorfak and
Bahar). After transferring genotypes to the main land,
the plots were kept in flood irrigation for 10 days for
complete of rice establishment. The water management
was performed on the plots using the volume
counters to assess the amount of water volume. Some
physical properties of experimental field are shows in
Table 1. The grain yield and biological yield were
measured by removing 5 square meters in the middle
of each plot. The required climate information was
gathered by using Rasht synoptic weather station.
Transpiration and evapotranspiration were assessed
also by Mantis penman FAO method and by the use of
ET, calculator [26].

The AquaCrop model describes soil-plant-
atmosphere parameters. This model results from
Doorenbos and Kassame equation in which relative
evapotranspiration is the basis of yield assessing [27].

yield (B) and harvest index (HI) and the separation of
effects of water stress on four components of canopy,
aging, stomata closure, transpiration decrease and
harvest index.

Dividing ET into Tr and E prevents non-productive
use of water through E, especially when vegetation
conditions are not complete. Daily transpiration (Tr,)
that has been normalized using daily ET  and water
productivity (WP) using the need for evapotranspiration
and carbon dioxide concentration became biological
weight of the plant shoot [28].

Equation (2) represents the followings:

@

In which, B, is the plant shoot weight in day i
(g m?), Tr, is the daily transpiration (mm), ET refer to
plant transpiration evapotranspiration in day i (mm),
WP* is normal water productivity (g m?) and its value
under the same climatic conditions is constant and equal
for C, and C, plants. Normal water productivity for C4
plants like corn is changing between 28 to 33 (g m™).

Result Assessment of AquaCrop Model

For statistical assessment of simulating results, t-test
and following statistical variables were used [29].

n

RMSE = (E

05
(P; — O; )2/1‘?)

Y%-Y ETx-ET
X a — k . X a I=1 (3)
; B Y ETy .
(1) ) 05
. : . RMSE, = 100 P;i— 0 0
..where, Y_= the maximum yield, Y, = the actual yield, n (;( i i)/ ”) / Omean @
ET_ = the maximum transpiration, ET = the actual -
evapotranspiration and K = the coefficient of proportion
. . . ..where,
between relative yield decrease and evapotranspiration . .
. . P. = Simulating amount of value
decrease. In fact, the AquaCrop, a simple vegetation i .
. O. = Actual assessing amount of value

growth and aging model has been developed by i .

. . o . n = Actual assessing number of values
separating evaporation from transpiration as the basis to - .

. o . O mean = Mean assessing amount of value
estimate transpiration separate from evaporation, final
ield simulation (Y) as a function of the final biological RMSE = Root Mean Square Error
y & RMSEn = Normalized Root Mean Square Error
Table 1. Soil physical properties of experiment field.
Moisture content (vol %) ;
( sz,l) B“(lk Def};‘ty Clay (%) | Loam (%) | Sand (%) | Depth (cm)

i eSAT ) ch “) ePWP ) gom

575 0.65 0.40 0.27 1.10 47 39 14 0-10

308 0.62 0.40 0.30 1.20 44 39 17 10-20

4 0.62 0.41 0.30 1.32 47 44 9 20-30

114 0.60 0.42 0.30 1.31 47 42 11 30-40

Abbreviations are: Ks = saturated hydraulic conductivity; 0,, = saturated volumetric water content; 6

water content; 0 ,, . permanent wilting point.

w. = field capacity volumetric
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Table 2. Evaluating the AquaCrop model simulation results under calibration conditions, 2017.

Genotypes Genotypes N X s i RMSE RMSE (%) P(t) R?
Grain yield 4 3691 4214 267 7 0.17 0.93
Ali kazemi
Biological yield 4 9748 9757 294 3 0.49 0.98
Grain yield 4 5281 5482 311 6 0.38 0.94
Dorfak
Biological yield 4 12642 11372 1612 13 0.14 0.86
Grain yield 4 5917 5311 484 8 0.39 0.93
Bahar
Biological yield 4 14505 11375 1574 11 0.25 0.97

X .. mean measured values, X, : mean simulated values, RMSE: Root Mean Squared Error, RMSE : Normalized Root Mean

Squares Error

In this method the simulation considers excellent
with a RMSEn of less than 10%, good if the RMSEn
is greater than 10 and less than 20%, fair if the RMSEn
is greater than 20% and less than 30%, and poor if the
normalized RMSE is greater than 30% [30]. Paired
t-tests and linear regression analysis were also used to
assess the goodness-of-fit between the observed and
simulated results. If the P-value (P (t)) from the paired
t-test was greater than 0.05, it was concluded that no
significant differences existed between the measured
and simulated values.

Results and Discussion

Water management of rice genotype data from 2017
was used for calibration of the model and data from
2018 was used for validation of the model. Then the
model was implemented and the biological and grain
yield from simulation was compared with assessing
amount based on statistical indices.

Grain Yield

Assessing parameters of the model ability in
predicting the amount rice grain yield were shown
in the Table 2. Statistical parameters used for every
rice genotype are different rice grain. The irrigation
treatment of RMSE for predicting grain yield is in
the range from 267 to 484 kg ha! and RMSEn in the
range of 6 to 8 percent was obtained. According to
statistics, modeling of grain yield is good and there
is an appropriate adjustment between simulating and
observed items. The resulted from the regression
between simulated and assessed grain yield for rice
genotype in irrigation treatment showed that the
coefficient of determination (R?) is more than 0.93%.
The high amount of R? is an expressive parameter for
showing little dispersion of data. The results of t-test
showed that the simulated grain yield of this model
in water management for rice genotypes is similar to
assessed grain yield due to having more than 0.05 at
95% of probability level (Table 2, Fig. I).

The assessed grain yield of rice genotypes was in
the irrigation treatment in 2017 in the range of 3555 to
7754 kg ha! while the grain yield of rice genotype from
model was estimated in the range of 3699 to 8004 kg
ha'! and the relative error in predicting grain yield in
the treatment situation of is between -5 to +15 percent
(Table 6). The minimum relative error in predicting
grain yield in irrigation treatments with 11 days
alternate is Bahar genotype and the maximum relative
error of irrigation treatment with 8 days alternate was
also Bahar genotype. The results showed that the model
predicts the grain yield by mean error of 5 percent and
the model has the ability of simulating the effect of
irrigation treatment on rice genotype.
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Fig. 1. Yield simulation vs yield observed during 1% and 2" years.
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Table 3. Evaluating the AquaCrop model simulation results under calibration conditions, 2017.
Genotypes N X i RMSE RMSE (%) P(t) R?
Grain yield 12 5053 5311 366 7 0.31 0.96
Biological yield 12 12298 11375 1312 11 0.19 0.86
X, mean measured values, X : mean simulated values, RMSE: Root Mean Squared Error, RMSE : Normalized Root Mean Squares
Error

The parameters used to assess the model ability in
predicting grain yield in the second year of experiment
(validation) are shown in the Table 4. The results
indicated that the RMSEn of rice genotypes is reached
in the range of 8 to 9, according to these statistical
parameters, the modeling of grain yield is in good
condition. The results from linear regression between
simulated and assessed rice genotypes show that
the R2 is more than 0.78%. It is somehow similar to
calibration conditions, and shows the appropriateness
of model in the simulating grain yield in the second
year of experiment. The results of t-test also show
that the simulated grain yield of this model in water
management for rice genotypes is similar to assessed
grain yield because of having more than 0.05 at 95% of
probability level (Table 4).

The grain yield of rice genotype in irrigation
managements were in the range of 3550 to 8292 kg ha'!
while the grain yield in model was estimated under the
range of 3505 to 8473 kg ha' and the relative error in
predicting grain yield in irrigation management was
-15 to 16 percent (Table 6). The minimum relative error
in predicting grain yield in irrigation with 11 days
interval is Dorfak genotype and the maximum relative
error in irrigation with 8 days interval was Bahar
genotype. The main reason of this variation in the
accuracy of predicting grain yield based on different
managements was due to various reasons such as the
lack of appropriate mathematical models for using in
AquaCrop model and error in parameters measurement
[32, 33].

The data assessment demonstrates that the maximum
yields in all genotypes were observed under flood
irrigation. Flood irrigation provides suitable conditions

for rice in various phases of growth while under
irrigation interval conditions, most of characteristics
related to yield and yield components show relative
decreases because of water deficiency. Tarahomi
et al. (2010) expressed that water stress resulting
from nonflood irrigation causes the decrease of rice
biological yield and yield because of preventing
translocation of nutrition and reduction of
photosynthesis [31]. According to the results, the normal
error in the validation and calibration phases is 6
to 8 percent and 8 to 9 percent respectively and
modeling of grain yield was calculated excellent.
The maximum relative error of rich achievement in
both of validation and calibration phases in irrigation
with 8 days interval was in Bahar genotype and
the minimum relative error of poor achievement
in both of validation and calibration phases in irrigation
with 11 days interval was in Dorfak and Bahar
genotypes.

Changing the water management from flood
irrigation to nonflood irrigation leads to decrease of
actual yield, although the difference is not the same
and the actual decrease depend on genotype. Bahar
genotype had the maximum decrease in yield under
irrigation management condition of 11 days interval and
it was about 32%. The model also simulates the yield
in interval irrigated conditions less than flood irrigation
in all genotypes of rice. By changing of irrigation
interval, the model simulated yield was less than flood
irrigation. Under irrigation conditions of 5, 8 and
11 days interval, the actual yield reduced by 10, 18 and
21 percent respectively and the simulated model showed
the similar trend of yield decrease with 6, 11 and
27 percent. Ultimately, the AquaCrop model calculated

Table 4. Evaluating the AquaCrop model simulation results under calibration conditions, 2018.

Genotypes Genotypes N X e Xim RMSE RMSE (%) P(t) R?
Grain yield 4 3806 3940 297 8 0.31 0.83
Ali kazemi
Biological yield 4 9470 9076 629 7 0.29 0.67
Grain yield 4 7216 6772 668 9 0.07 0.78
Dorfak
Biological yield 4 12577 14035 1781 14 0.08 0.84
Grain yield 4 7373 7733 689 9 0.30 0.90
Bahar
Biological yield 4 14171 16054 2187 15 0.10 0.69

X .. mean measured values, X : mean simulated values, RMSE: Root Mean Squared Error, RMSE : Normalized Root Mean

Squares Error
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Table 5. Evaluating the AquaCrop model simulation results under calibration conditions, 2018.

Genotypes N X e X RMSE RMSE (%) P(t) R?
Grain yield 12 6132 6148 580 9 0.49 0.89
Biological yield 12 12073 13055 1668 14 0.20 0.87

X .. mean measured values, X, : mean simulated values, RMSE: Root Mean Squared Error, RMSE : Normalized Root Mean

Squares Error

rich achievement because of positive mean error in
validation and calibration phases.

Kumar et al. (2014) after assessing the AquaCrop
model in Delhi, India for four genotypes of wheat and
four levels of salinity level for irrigation water reported
that the model has an acceptable accuracy in simulating
biological yield [24]. Zeleke and Nendel evaluated
AquaCrop for the two wheat cultivars under rainfed
and irrigated in Australia. The root-mean-square error
(RMSE) for grain yield and aboveground biomass was
0.293 and 2.2 t ha'!, respectively [32].

Biological Yield

The results of statistical parameters related to
total biological yield used for model assessing has
been presented in Table 2. The RMSE concerning the
prediction of the grain yield is in the range of 294 to
1612 kg ha'! and RMSEn is reached in range of 3 to
13 percent. According to these statistics, the model
could make excellent genotype of model and there is a
good adaptation among simulated and observed yield.
The results from linear regression between simulated
and assessed biological yield for rice genotype show

that the coefficient of determination (R?) is more
than 0.86%. The results of t-test showed simulated
biological yield of model under irrigation conditions
for rice genotype is more than 0.05, and it showed that
the similarity between simulating and assessing at the
probability level of 95% (Table 2, Fig. 2).

The assessed biological yield of rice genotypes in
irrigation condition was in range of 8267 to 17624 kg ha'!
while the biological yield reached from the model was
estimated in the range of 8674 to 16375 kg ha' and
the relative error in predicting of biological yield in
irrigation condition was -22 to 5 percent. The maximum
relative error in the biological yield prediction in
the irrigation with 11 days interval observed in Ali
Kazemi genotype and the minimum relative error in
the irrigation with 11 days interval observed in Dorfak
genotype. The results have shown that the percent of
error approximately was -8 (Table 7).

The parameters estimated by calibration of model
were used for validation and evaluation of AquaCrop
model. The statistics used to evaluate the model
performance are shown in Table 7. The RMSE in
predicting the biological yield is reached in range of
629 to 2187 kg ha! and RMSEn is reached in range

Table 6. Simulated and observed grain yield values of rice genotypes and relative error percentage of the model simulation.

2017 2018
Genotypes Irrigation management Observed Simulated | Relative | Observed Simulated | Relative
(kg ha!) (kg ha!) error (%) (kgha') (kg ha!) error (%)
Flood 4289 4492 5 4267 4422 4
[rrigation 5 days alternate 4123 4426 7 3550 3968 12
Ali kazemi
Irrigation 8 days alternate 3878 4240 9 3607 3863 7
Irrigation 11 days alternate 3555 3699 4 3801 3505 -8
Flood 6209 6529 5 7538 6879 -9
Irrigation 5 days alternate 5737 5966 4 7266 7029 -3
Dorfak
Irrigation 8 days alternate 4789 5232 9 6800 7033 3
Irrigation 11 days alternate 4389 4200 -4 7258 6145 -15
Flood 7754 8004 3 8292 8473 2
Irrigation 5 days alternate 6282 6697 7 7590 8258 9
Bahar
Irrigation 8 days alternate 5312 6128 15 6946 8030 16
Irrigation 11 days alternate 4318 4122 -5 6665 6170 -7
Average 5053 5311 5 6132 6148 0
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Fig. 2. Biological Yield simulation vs Biological yield observed
during 1** and 2™ years.

of 7 to 15 percent. The results from linear regression
between simulated and assessed biological yield for rice
genotypes showed that the coefficient of determination
(R?) is more than 0.67%. The results of t-test showed
that the simulated biological yield of model under
irrigation conditions for rice genotype is more than 0.05,
and it showed that the similarity between simulating
and assessing located within the probability level of
95% (Table 4).

The assessed biological yield for rice genotypes
in irrigation management was in the range of 8875
to 16070 kg ha'. While the biological yield of rice
genotypes was estimated in the range of 8065 to
17581 kg ha'. The relative error in predicting total
biological in irrigation management conditions was
from -11 to 24 percent (Table 7) and the relative error
was assessed approximately 8 percent. In other words,
the maximum biological yield was reached under flood
irrigation  conditions in all rice genotypes and by
increasing water stress, the biological yield has shown
decreasing process in all genotypes; hence the assessed
amount in the field and predicting amount by the model
prove this claim.

Andarzian et al. (2011) assessed AquaCrop model
for wheat crop using various scenarios of less irrigation
(at various phases of plant growth and practical water
depth). The results of their study showed that the model
could simulate the biological and grain yield with
satisfactory results [33].

Table 7. Simulated and observed biological yield values of rice cultivars and relative error percentage of the model simulation.

2017 2018
Genotypes Irrigation management Observed Simulated | Relative | Observed Simulated | Relative
(kg ha!) (kg ha!) error (%) (kgha') (kg ha!) error (%)
Flood 10722 10341 -4 10941 10212 -7
Irrigation 5 days alternate 10308 10182 -1 8875 9136 3
Ali kazemi
Irrigation 8 days alternate 9694 9830 1 9017 8891 -1
Irrigation 11 days alternate 8267 8674 5 9049 8065 -1
Flood 13212 13281 1 13960 14169 1
Irrigation 5 days alternate 13159 12421 -6 12527 14542 16
Dorfak
Irrigation 8 days alternate 12942 10978 -15 11724 14546 24
Irrigation 11 days alternate 11254 8806 -22 12097 12883 6
Flood 17624 16375 -7 16070 17581 9
Irrigation 5 days alternate 15705 13921 -11 14235 16981 19
Bahar
Irrigation 8 days alternate 13620 12686 -7 13462 16503 23
Irrigation 11 days alternate 11072 9001 -19 12917 13151 2
Average 12298 11375 -8 12073 13055 8
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Conclusions

Results of simulation of grain yield and biological
yield of rice cultivars in the first year of experiment
showed that the model with average RMSEn for
predicting grain yield and biological yield for rice
cultivars were 7 and 11%, respectively. The results of
simulation of grain yield and biological yield of rice
cultivars in the second year of experiment showed that
the model with RMSEn average for predicting grain
yield and biological yield for rice cultivars were 14 and
9%, respectively, and the R2 above 0.87 And 0.89 had
good accuracy in predicting grain yield and biological
yield of rice cultivars. The results also showed that the
AquaCrop model estimated the error of predicting grain
and biological yield in three rice genotypes of northern
Iran was less than 5 percent which demonstrates an
excellent accuracy of the model in predicting grain yield
and biological yield. AquaCrop model in comparison
with other models require smaller number of input data
and parameters for simulating plants reactions to water
and can be used for most of agricultural and farming
crops in the world. According to these results, this
model may be recommended for the above mentioned
genotype in relation to irrigation planning in the region.
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